According to certain surveys made in Germany, mathematics can be seen either as a stagnant structure (formalism-related orientation), a collection of rules, formulas and methods (scheme-related orientation), an active and creative construction process (process-related orientation), or as a method of describing the real world (applicationrelated orientation). We examine how a twenty-item test of students' orientations for students' beliefs on the nature of mathematics, which was developed in the German context, translates to the Finnish culture remaining validity. Altogether 310 first-year students from three Finnish universities took part in the study. We apply confirmatory factor analysis to reveal that a slightly modified version the translated Timo Tossavainen et al. 106 questionnaire is applicable also in the Finnish context. Using data collected with the translated questionnaire, we construct a binary regression models to predict students' choosing between a technical and an ordinary university, and how probability that a student chooses teacher's study programme slightly decreases if the static view grows stronger in his/her view of mathematics. Further, we see that all four orientations exist almost equally strong in the Finnish students' beliefs.
Introduction
Several studies have shown that students' beliefs have a very multifaceted role in the teaching and learning of mathematics (e.g., [10] ).
These beliefs vary significantly and they concern both the nature of mathematics (e.g., [3, 11, 12] ), students themselves as learners of mathematics (e.g., [14] ), and even the meaning of individual mathematical notions (e.g., [17] ).
The so-called epistemological beliefs concern the structure, certainty, and the source of knowledge [9] . Grigutsch et al. [6] developed a framework for the categorization of such beliefs in mathematics, see also [5] . They studied German mathematics teachers' beliefs about the nature of mathematics and mathematics teaching and learning, and they found four different orientations for teachers' beliefs [5, p. 764]:
• Formalism-related orientation: Mathematics is "an exact science that has an axiomatic basis and is developed by deduction".
• Scheme-related orientation: Mathematics is "a collection of terms, rules and formulae".
• Process-related orientation: Mathematics is "a science which mainly consists of problem-solving processes and discovery of structure and regularities".
• Application-related orientation: Mathematics is "a science which is relevant to society and life".
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The test instrument used by Grigutsch et al. [6, 7] consisted of 77 statements which were classified according to the orientations. Blömeke et al.
[1] introduced a shortened version of this Likert-type instrument consisting of twenty items with the six-point scale. More precisely, for each factor, they chose 4-6 items which had the highest factor loadings in [6, 7] . The shortened instrument has also been used in MT21-the Mathematic Teaching in the 21st century study in which six countries participated [16] .
Our purpose is to examine whether the shortened instrument is suitable also for exploring first-year university students' epistemological beliefs about the nature of mathematics in the Finnish context. This is not selfevident; according to Peña [13] , the establishment of linguistic equivalence through translation techniques is not necessarily sufficient to guarantee the validity of the questionnaire. We also investigate how four orientations can be used to predict students' choosing between a technical and an ordinary university and that of teacher's study programme as they enter a university.
Theoretical Framework
Students' and teachers' conceptions of mathematics have been studied some times in the past decades. For example, Mura [11, 12] explored over a hundred Canadian mathematicians' and mathematics educators' views of mathematics using a postal survey, and she found thirteen different categories for these conceptions. Crawford et al. [3] studied about 300 firstyear university mathematics students' conceptions of mathematics and they classified them into five different categories, of which two represent fragmented conceptions and three more cohesive conceptions. As these examples show, several different ways to categorize students' and teachers' conceptions of mathematics have been used in previous research. On the other hand, studying beliefs has also been criticized for unfoundedly assuming that students and teachers could easily articulate their beliefs. The critics have proposed viewing beliefs as sensible systems instead of taking them as independent variables. For further information, see [9] .
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As we already said in Section 1, our study is a sequel to [1, 6, 7, 15] . Our aim is to test the translationality of the instrument used in [15] . Blömeke et al. [1] operationalized the four orientations found by Grigutsch et al. [6, 7] using the following twenty statements listed in Table 1 below. Table 1 shows that details, notations, and rigor are emphasized in the formalism-related orientation. Methods to solve mathematical problems have a key role in the scheme-related orientation, whereas discoveries, inventions, and reasoning are important in the process-related orientation. In the application-related orientation, the benefits of mathematics are emphasized.
Grigutsch et al. [6, 7] found out that there is a positive correlation between the formalism-related and scheme-related orientations, and,
analogously, between the process-related and application-related orientations. Hence, they interpreted that the formalism-and scheme-related orientations represent the static aspect of mathematics, whereas the other two orientations refer to the dynamic nature of mathematics. In the static orientations, mathematics is seen as an existing structure that should be found and understood, whereas the dynamic orientations emphasize that mathematics is created by human, not discovered. Such a distinction between static and dynamic beliefs can also be found in [16] and [4] , too. Further, in the categorization of [3] , both the fragmented and cohesive conceptions may contain application-and scheme-related orientations, but the formalism-and process-orientations are more related to cohesive conceptions. Also, most of Mura's [11, 12] thirteen categories can rather easily be organized according to four orientations.
To establish the validity of a translated questionnaire, Peña [13] suggests that a successful translation takes into account, in addition to linguistic equivalence, also functional equivalence, cultural equivalence, and metric 
Research Questions
In [1] , both two-and four-dimensional factor models were first extracted using Principal Component Analysis (PCA). In the first case, the factors are interpreted as presenting the static and dynamic aspects of mathematics and, in the latter model, four different orientations for students' beliefs on mathematics. Using Confirmatory Factor Analysis (CFA), they found out that the four-dimensional model fitted their data best. We are also most interested in the four-dimensional models and, consequently, we set our research questions as follows: (1 
Method Instrument
Our data were collected with a questionnaire that contained a section Mathematics Students' Beliefs About the Nature of Mathematics 111 consisting of the Finnish translation of the test by Blömeke et al. [1] with the six-point scales (1 = strongly disagree, 6 = strongly agree), see Table 1 , and a section surveying the participants' educational background, i.e., their mathematics grades in upper secondary school, their professional plans etc. The questionnaire was implemented in a web-based form, and all the responses were directly saved to an electronic database.
To establish the validity of translation, linguistic, and functional equivalence were taken into account by involving several translators in the process and repeating the translation of each item until an agreement on the correctness of the end result was achieved. How well cross-cultural equivalence applies to the translation, is a part of our first research question.
Metric equivalence should follow from the similar structures of the original and translated questionnaires, given that the individual items are linguistically and functionally equivalent in the original and translated questionnaires.
Sample and the collection of data
The study was implemented in three Finnish universities where mathematics can be studied as a major subject; 42 students from University A, 172 from University B and 96 from University C answered the questionnaire. All the 310 respondents were just at the beginning of their university studies in mathematics. A and B were multi-disciplinary universities where students majoring in mathematics may qualify either as a subject teacher or mathematician or they can study mathematics as a minor subject; C was a technical university where all the students have compulsory mathematics courses as part of their first-year studies. All the Finnishspeaking students who took part in the first course of mathematics in these universities in autumn of 2012 were invited to participate in the study. In A, the students answered the questionnaire during a tutoring lesson, but they however, no one used this option. In B and C, the students were instructed to fulfil the questionnaire in their own time. Answering the questionnaire was not required, but in B, it was possible to earn one extra point for the first mathematics course by doing so. The total answer rate was almost 100% in A, 46% in B, and 15% in C. In C, there were some technical problems during the data collection, which possibly decreased the answer rate.
For the last research question, the participants of the study were divided into two categories on the basis of their professional orientations as follows:
(1) "Teachers" ( ).
= N
These students were studying in a mathematics teacher education programme or aimed to apply for it. Forty-two of them were ordinary student teachers majoring in mathematics, and twelve will qualify as subject teachers of mathematics and as primary school teachers.
Eighteen students were studying mathematics as a minor subject.
(2) "Mathematicians/appliers" ( ).
These students had mathematics as a major or minor subject, and teacher training did not belong to their study programme.
Data analysis
For studying the model fit, we used confirmatory factor analysis (CFA) In addition to using CFA, we computed the sum variables representing Mathematics Students' Beliefs About the Nature of Mathematics 113
Results
We begin by reporting the results of CFA related to the translated twenty-item questionnaire in Table 1 . The model with standardized estimates is shown in Figure 1 . The model fit is now only satisfactory ( ( ) ). RSMEA is a good fit. In other words, the model fits the German data somewhat better than the Finnish data. There are also other differences; in our data, the covariance between Formalism and Process is higher than between Formalism and Scheme; in their study, the case is opposite. On the other hand, clearly the highest covariance is between Process and Application in both data. The most obvious reason for the weaker model fit with the Finnish data is related to the item S3. A deeper analysis revealed that it is loaded almost equally high on Process and Scheme. Other items with relative low loadings are P1 and S1. Figure 2 shows the most applicable model we found using CFA. 
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meaning a good fit in the light of both CFI and RSMEA. The model was ultimately found by removing the items which had the lowest loadings in Figure 1 (P1, S1, and S3). Before that, we also tried to vary from which latent variables these items are loaded, but this did not improve the model fit significantly. Moreover, since we build on the assumption of the validity of the linguistic equivalence between the original and translated items, there are no theoretical reasons for the modifications of this kind as the original model fits the German data rather well.
An interesting observation here is that Application has a moderate covariance with Formalism and Scheme, in addition to having a large covariance with Process. In the German data, these covariances were insignificantly low. On the other hand, in our model, the covariance between Formalism and Scheme is surprisingly low given that they both represent the static view.
Mathematics Students' Beliefs About the Nature of Mathematics 115 To find out the role of orientations in choosing between a technical and an ordinary university, and between a mathematics teacher's study programme and other mathematical study programme, we modified the model in Figure 2 by first adding the dichotomous variable describing the selection of the university (with 0 = an ordinary university and 1 = a technical university), and then, in order to construct another model, a variable describing whether a student has chosen the teacher's study programme (1) or not (0). Further, we added the regression paths from the four latent variables to the dichotomous variable in both models. The results of the analyses of these models are little surprising. Process is the only significant predictor for the selection of the university, and none of the orientations significantly predicts the selection of teacher's study programme.
Next, we continued our analyses by performing a binary logistic analysis where the choosing of the university is the dependent variable and the orientations (sum variables) are the covariates. The results are given in Table   4 . They show in more detail, how the increase in the degree of Process Mathematics Students' Beliefs About the Nature of Mathematics 117 implies a decrease in the probability that a student chooses a technical university ( ) . 0 since process < B In other words, the students who emphasize the Process orientation are more likely to go to an ordinary university. The
Nagelkerke R-squared is not high, yet the percentage of correctly predicted cases is a little above 70. 
Finally, a similar binary logistic regression analysis with four orientations as predictors did not produce a new insight into the choosing of teacher's study programme. However, we completed our exploration by computing another two sum variables to represent the dynamic and static views of mathematics simply by adding Dynamic = Application + Process and Static = Formalism + Scheme, and performed a binary logistic analysis with these constructs as predictors. The results are shown in Table 5 . Table 5 shows that the static view of mathematics is a statistically significant predictor. Since Nagelkerke R-squared is again low, the improvement from the null model to the fitted model is only modest, yet we can conclude that the students emphasizing the static view of mathematics choose less probably a teacher's study programme than those students who do not. 
Discussion
In this study, we examined how a twenty-item test of students' orientations for students' beliefs on the nature of mathematics by Blömeke et al. [1] , developed in the German context, translates to the Finnish culture remaining validity. The fit indices of CFA showed that the original twentyitem questionnaire applies somewhat better in the German data than in the Finnish data. However, we observed that by modifying the model by leaving three items (P1, S1, and S3) out, the model fit indices were even slightly better than those for the German data.
We interpret that the differences in the fit indices between the German and Finnish data might be due to the fact that these items do not measure the intended latent variables equally well in the Finnish context. It is for instance possible that conceptual equivalence is not fulfilled in this questionnaire: The Finnish questionnaire and its German counterpart do not measure the same theoretical constructs. Another possible threat to the cross-cultural equivalence is that semantic equivalence or functional equivalence is not fulfilled. Both aspects were however carefully considered during the translation process.
It is quite natural that Process is a significant predictor in choosing between a technical and an ordinary university (Table 4) . However, it is slightly surprising that Application did not play any role here as one might expect. We also observed that none of the orientations is a significant predictor for the choosing of teacher's study programme. Assuming that the instrument is valid in differentiating different orientations, this result may be good news for mathematics teacher education because it is only positive that prospective mathematics teachers have a broad and versatile view of mathematics.
On the other hand, the binary logistic analysis with the dynamic and static views of mathematics as predictors showed (Table 5 ) that the students emphasizing the static view of mathematics choose less probably a teacher's study programme than those students who do not emphasize it. This is an interesting result that should be carefully taken into account in mathematics teacher education. If the dynamic view of mathematics dominates student teachers' mathematical beliefs, it easily results in that they also emphasize the procedural knowledge of mathematics in their profession, cf. [17] . This would be a challenge for the objectives that pupils also learn the importance of precise mathematical reasoning and a deeper understanding about mathematical notions in school.
